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(54) ELECTRO LYTICALLY-REDUCED WATER AND METHOD FOR PRODUCING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an electro lytica I ly-reduced 
water from which effects of hypochlorous acid and chlorine are fully 
removed, and which has a useful bioactivity. 

SOLUTION: In a pure water of I ess than 0.1 mg/l in residual chlorine 
concentration and of 5 mg/l or less in chlorine ion concentration, 
NaOH is dissolved; then the NaOH solution is electrolyzed, thereby 
forming the electrolyticaily- reduced water of (a) less than 0.1 mg/l 
in residual chlorine concentration, (b) 5 mg/l or less in chlorine 
concentration, (c) -5 to -1000 mV in redox potential at 12° 0-14° 
C, (d) 7-11 in PH at 12° C-14° C, and (e) 0.01 u.M-1 lxM in 
hydrogen radical concentration at 12° C-14° C. 
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(57) [ffjK)] 

9 /^oj&i^ ^VCOSjlg^ 5mg/l J^TT£>5£&7k 

tM±> (a) ^©^(T^^^O. lmg/l*|tfe 
•9. (b) It-Y ^y<7)^g^ 5 m g / 1 gTTfe , 

(c ) 1 2°C~~ 1 4tt3V^T- 5 10 0 OmVW 

^ibitTcm^^^L, (d) 1 2t-l 4^:1^X7 
-llOpH&^U (e) 1 2^- 1 4 < t:t-*5VNT^ 
7^;i/$:0 . 0 1 £i M~ 1 ^Mco^S-C^tp 0 





1 : Btt£ 
2: RHUS 

3 : mm 
5 : ^© 
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[i#m8*ofiiig] 

[st**i ] «#««r^tf-#, mmmm<o&mt>* 

0 . lmg/l *^T£> 19 a>-oj&3f>f ^^(D^S^S 5 m 

SSttSkOSttdS 0 . 1 m g X 1 9 . 

ttM^f 5 m g / 1 JL^TTfc 19 , 

1 2t- 1 4 < C{-fcV^T- 5- 10 0 OmVOSWkl 

1 2t- 1 4 < CtCjo^T7k^7^^$r0. 0 

[»**2] 12t-Ht, 1 0 1 3 2 5 P a 
V^TO. 1 p pm~l 0 p pm©»ff*»Srtft5C 

[B**3] 12t-14t, 1 0 1 3 2 5 P a CJo 

to , ft** 1 2 I^IE«^mA?il5u7Kc 

^-r^-^$-#m<ti"5, fS**l-3m>rixj5>l* 

[M**5] MEWMttfNa OHT?*>5 % ft** 1 
~4 cov^-f^ l ^i-IB^cDm^ilTCTKo 

[■1**6 ] fc&TktC 4 m g/ l-8 0 0mg/l (DWk 

^fc^cDTfcS, W**i~5<BV*1"*i,j&»i*fc:Etta> 

[It** 7] SS««»O«S^0. lmg/l^|T 
£>9 *>0**-Y 5m g/ 1 «TT?feStt* 

#bftfcN a O H !:t tP7KSr««»»t 5 IS t Sri it 

[If** 8 ] huIBN a OH^r-atfTk^GON a OH^ 
fiiiMrag/l -8 0 0mg/l CL t £r4#m i: T 

5, »** 7 ClEtt<OjKit^8r 0 

[If** 9] MEafRfcX£»ft*' 0 . lmg/l* 
it fe 0 ^oM>f t VWSS^ 5 m g / 1 £AT-?£>5 

5*><dt?*>5, »**i-8cov^i**t*»i**-E*oK 

[If** 10] HuE»9*tt*0»fi^ 0 . lmg/l 
«9 *»o4S*^ 5 m g / 1 OTTfc 

W**l — 8 0V^i"tt^i*lcE«wK5i*- 

[ii**i i] ii**i-6ov>r^/0^i*(cis^co 

[ft** 1 2 ] If** 1 ~ 6 COVN-fiX^ l *lcE^<£> 
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[ft** 1 3 ] If** 1 - 6 WlTtlt>* 1 *fcEitt<D 
[0 0 0 1 ] 

#:fc J: tf* <DSUt;frfe, fr<bWi*K «B»*fctt»^b^ 

[0 0 0 2 ] 

»aiRS(c*5V^T**$ix5fW!|ia7C7K (7V— K* 

[0 0 0 3] fc'jttf , ^Hf)^ 10-1 1 8653 ^ 
20 «r« 3 fc«>, WtK^(CN a C 1 Sr»Dx.T 

[0 0 0 4] 

(Clz) «r*tf*a*fcm«»Wi-SIRt-fe, 

Itt, lc J: 

[0 0 0 5] «Wa5c*Ot-oS«»*»B*f^ffl 
^DNAfflWmUMW:, ^CQ^Iw^^tvSilTc^ 

40 [0006] i »»i x &w&m&*&&m<D&w 

5c* co ffl j£ Srffiflfci- 5 r. i ^ fo ^5 o 
[0 0 0 7 ] 

*tr— «g*g^SS^0. Img/l*«tfc9 

t^rnm^ irxnfemfr 5 m g / 1 £XT-?&z>7k<om& 

50 (a) ««4£3!?^»SdSO. lmg/lMT^, 



-2- 



« 



3 

(b) t y©J«ii 5 ra g / 1 BTTfe5, 

(c) 1 2*^- 1 4 < CI-*5VnT- 5- lOOOmVW 

(d) 1 2t-l 4tl^^T7-l 20pH^f 

(e) 1 2t- 1 4 < C(Cio^T7k^7v ? ^>'U^0. 0 1 

[0 0 0 8] #3SISmc c fc5®$i§7C*H, 12t-14 
10l325Pa Qatm) ICJdVnT, AffiWiC 
0. lppra^lOppm, S*L<U0. lppm — 
5ppm, £ 9 £F£ L < fiO . 5ppm-2ppm^ 

[0 0 0 9] *^^^-«t5m<?il7C7Kl-*5V^T, 
1 2t>- 1 4^, 1 0 1 3 2 5 P a tC*5JtS«#»*ft 
tt, 1 Op pm£jLT-Cfc5Ct*sj8F*L<, fcfcjttfl 
p pm-6 p pm-efcSwfcj&sj: 

[0 0 1 0] *58M»cJ:SfS»3a5c*W:, 7 - 8 <7D p H 

*?nt&£>p HI! 1 2°C~~ 1 4 c C(CjoV>T 7. 2-7. 8 

[ooii] Asittt, *«wfci-5m*a7E*ii, m 

»7C7ktt, *&*U10. 0 0 0 IN— 0. 0 2N^|T 

[0012] $fe*c:*»MfcJ:<5m*P»7£*^lB51*tt 

mg/1 *SST?fe ?> ^oll^f ^Ottffii&S 5mg/l 

HT-efc5tt*HNaOHSr»#$-&5ISt, #<b*t 

fcN a OH*£tr****$M»i-SIfit £t 
$r#«t1-5 0 

[ 0 0 1 3 ] *»M^J:SSiat* , fe«w*5V>TH NaOH 

8 0 0mg/l "Cfc 9 x Kli50mg/l-20 
0m g/ 1 T?fc5 0 

[0 0 l 4] *38Wf^i:5»ag*-j£^*5V^r, AVttS 

<o»m& o . img/i 9 a*o**-< yt^com 

^i§-T5i t tcj; 9, £>5^Ji, TKitTKSr^g-rSi t 
[0 0 15] *»W»iJ:S«*»7C*tt. 
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[0016] 

«J^tt*SrttfflUTSI3Si-5it^-C#5. 

TK + ^gjfi^ (CI 2) <7>»fiW\ 0. lmg/1* 
SJTfct), ASWlwHO. 0 9 J^TT*fo«9, » 

JO ^KliO. 0 5mg/lt(T-efc^ ct«9^F^U<li 
0. 0 1mg/l£HTTfe5o HKWlcJfi* (CU) 

T£>9. #*L<ttlmg/lJE*T"Cfc»^ £9£P£L 
<f*0. 5rag/l^Tt?fe^ ii^t&m&lcj;*^ 

20 y 9 A<D«flf tt % 5 m g / 1 KTtfc 5 , 

Kiilmg/lOTtfc^o «6ffit5«*oASM4 

[0017] M^w^m i<o.fc 5fc<*7kKti 

«f i ItN a C 1 T*f^< TkKfbt h y !) ^ (N a O 
H) teWtotfrZo NaOH(t »<b*L£7ktf>fIS&e** 
iUOO/iS/c m£*_k, ftgJWi-tt 100 — 1000 

«7k^©NaOH©^Dllt M^)l:4mg/l-8 
00mg/l -Cfo!9, £?£L<tel Omg/1-300 
30 mg/1 "Cfc 9, i5 Kli50mg/l-200 
mg/1 tfo^o 
[0 0 18] i^J: 5 twUTWbtb^iN a OH<7>7k»fft 

*tf*«*2tv l»S3*r*tPl»ai*4 t«r«*.S. 
«*2 t»«*4 tttBil5^,fcU»«Sli,rv^5. |» 

40 4 ^Ctt, »*«8*««i*S*b-C*3?K NaO 

[0019] ±3ze Lfc— m<DT.n&m 2 ic^-rm 

«a7c*S!ig^B^*5V>-CtT9it^T*#So Ej2(c^ 

Kid J: 0 £18 U *B* ttTK^JtSsKv^tfr L 
TNaOH»««rlSaiU i©»*«>«*e»*«r«l* 

aOHTk^f&tts «fc*"fe>1^s m^#1^51UT, Ell 

so \^i-±?tmm<DmMmzmm£tiz> 0 s»Na 
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oHfrmm-effiizztizt. m&&&& o t ft r> , ssft 

4 A7ymi, m^#2 N ®&#3# r^j tft 
[0020] 7k<on«»«p-ctt, nCfltcKM^^dsx 70 

B-e**9^*yu«r**-*-S 0 ^J: 5ft7K3R7^/u 
^tf®*PiS7C7Ktt> fcfcjttf^ ftfflJ9&ol«?ifttt$iJ3b£: 

l-3§£Lftv>J; ««»**r#IB«r*»*trffft5«>3ft s 

fcttll 5V-1 0 0V(?)1E, 5mA— 2 

AOl^ 5#<-i 2 0#©WH#Hiv*5*fl=-ef?5 

[0 0 2 1 ] w^ipf-UTW^tuSW^iSTC^tt. tt 

* (Cl 2) 43J:r^0c£«Xlk (HCIO) «r**ftv* 

a\ ^A>ff t urtaiasau^iftv^o-cfcSo ^ 

0. lmg/1 ftSWKttftSWlCttO. 08m 

g/lOTTfc^ $ftL<^0. 0 5mg/ 1 J£XT-C 

*>9. J: L<fi0. Olmg/lOTTfcSc X 
■WJclfc* (CI2) fc«*ftv*«flf»5E*ttJ: 

SHI, 5mg/l^Ttfe9, »*Kfilmg/lW 40 

-<^-^^*tftv^^Sl7C7KJi«}: uv\ *gsM 

HUT, Kv«*^a[*^^^»HlSix*^e>T* 

*»^»S 1 b(g:<ft5. 
[0 0 2 2 ] -2f x #^WK.fcS«#«5c7kJ±. AS! ft 
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mg/l-460rag/ltfc^ U < 5 m g / 
l-2 0 0mg/ltfo!}, «fc.?)»* U< fil Om g/ 
l-100mg/l-efc5c — ^<DftlGD 

1~. # £i»0. 01mg/l J£*7\ Tk^O. 0 0 0 
5mg/l^T, tl/>0. Olmg/l^T, & v 0. 
05mg/lJ£*T\ t^O. Olrag/ICT, Asffi* 
n^O. 05mg/l^L v-T^O. 0 lmg/l^l 
T> fflBH4a«*3«fcO ? M«Ktta3Rl Omg/l UT, 
7?mo. 8rag/l^T, 0 0 2mg 

/lJ^Ts 1, 0 04mg/l 

SIT. 1, 1 -^nn^x^UVO. 02mg/l^ 
T\ ^nn^^yo. 02mg/l^ ^-1, 
2 - o nxf-uyo . 04mg/l^T, f h7^ 
DDxfi/yo. Olmg/l^Ts 1, 1, 2-hy 
^nox^yo. 0 0 6mg/l^ h^nnxf 
U^O. 0 3mg/l^T^ ^>ifyO. Olmg/1 
j£AT\ ^nn^/u^o. 06mg/l^Ts ^n*^ 
nn^^vo. lmg/li^T. yn^^nn^y 
0. 03mg/l^Tv ^P^t^AO. 09mg/l 
£TF\ «h y^n^^O. lmg/lOT, 1. 3- 
v>^na^u^>0. 0 0 2m.g/l£*l\ ^v?y 
(CAT) 0. 0 0 3mg/ll^T, f^7A0. 00 
6mg/l^T^ ^t^^/^O. 02mg/l^ 

To £*>l^ *3BMI-«t5«»iS7c*^iR««« 1 »*±. 
A^ftlCl 8 0 0 m g JEXT. fc£ xfcf 10mg-8 0 0ra 
g-C&9, ^l<fi5 0 0mgJ^T, fcti^l Om 
g-5 0 0mg T*fo5o 

[0 0 2 3] #329! IHJ: 5m«iS7c*»i. I2t-14 

< Ct£:fcS^T- 5- 1 000m V, L<tt-20- 

-lOOOmV, «t^^t<li-5 0rnV--l 0 0 
0mV^»^S5c«fifcS:*i-5, BKb«5c«<£tt* TfrlR 

[0 0 2 4 ] *fc*»WI--t Sm^JSTCTKH. 12t- 
1 4X:fc:;fc3V*T 7~ 1 lOpH, Ai^)^H8~l 1 CD 

»aWlC7-80pHS:*U, #£L<te7. 2-7. 
[0 0 2 5 ] £ fel^**W^J:5fl«iS7C7ktt, 1 2*1C 

— 1 4 < c^c^v^r7K^7 ^yufco . 0 1 mm— 1 o/i 

M ( u MH Mmol/1) % ff*L<»10. 1m M— 1 
O/iM, «t tJ L < li 1 a M— 10m M(D^S"C^ 
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1-s«»»7c*#st« (Mfi) «UB* *>si^ 

[0 0 2 6 ] [«#i85c*lc$*ixs**7^*^3t 
ft&]#*W#tt*fi<o*«»&+fdU 7^;uh7 

^^7t>KOt h V (DBNBS) 

(Milli Q*) ^©s*^**— *™^*a*-ew: 

#fea*Bafc-fc*xftj&>ofc, :o:tliDBNBSW 

[0 0 2 7] r©**7^*^*Biftt?tt, W»fc3. 
5 - v^n^e- 4-xhn y^>-fef>-^/u-7^->^<D^ 

hy^^^ (DBNBS) feBJDU **7^#;ufctf> 

RJSfcJ:9DBNBST>Mb*4fc«r*jSU 20 

ttl-iS<*felcJ:-3r**7^*/u«r»ttli-5 0 ±B» 
feii 3 , 5 -x hp y^y^y^/u7^ 

^OtHljAjl (DBNBS) *S**7^*^fcR 
JfcU DBNB ST^k-frfc^^i-S^feRJt^fiJffl 
IT, #fe»±*S* s 4 5 0 nm<OKJKe— ^(c 

(1) - (3) ©IgJ:t)45 0 
(1) 5 1 7 nmi£«l£Ei|X£r*1-S 1 , 1-v^^^x^ 
/u-2-t^y;ut (DPPH) <nmm^, & 

&^#£TT-— 3£Oi£3^**#;*£P*;i£^ 5 1 7 n 50 
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to???***)* (^iiAOM) 8 

(2) 0-10 0iuMO^f^yi:DPPH^J5$ 
it, DPPH6Q5 1 7nm^«fi^Si:^f 

fit) o l */K7>Stt**Sr#x.*i 

(3) 4 5 0 nmiff«^SRlR^*i-5 3, 

- 4 -x: h n y^>ifV^/U7^-^^cO^ h V £-M6 

(DBNBS) 0««^eAJaff«ET-e— ScOifiSTTK 
*#*&#:&*. 4 5 0 nmi£§co«StiMl^ 

(4) WIC3, 5-^n^-4-xhny/<yfy 

^/u-^^^^co^- h y $J±m. (DBNBS) feBttU 

(1) fcW— *fl=-t?eA»ff«ET-C- «oi£lST**# 
^$rte/uff^, 6 0tTl WigO4 5 0 nmi£ 

[0028] -em^iSTcTKn i o - 5 o o 

5o BP*>* 3, 5-v J 7 , D^-4-xhDy^yify^ 
^7t^thy^I (DBNBS) 3*5**9 
/UfcRJtU DBNBSr^i^tSc ^Lt 
DBNBS7^ftfiSfi^4 5 0 n m<£>Pj*i& fcT- * 
Sr^r1-£*ia6, *<D#fiicJ:oT**7^^Srl»fflT 

[0 0 2 9] 
Uti) 
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5£A 

Br 



H 



NaCbS 



Br Br 

Na03S-(v h~ N N 

> ^ OH HO^ 

Br 
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N — OH 



Br 

DBNBS-H 




SOjNa 



(CH300)20 



CH 3 



SOsNa 




S0 9 Na 



DBKBS azoay compound ^ D 



NaOaS 



Br 



[0 0 3 0] K**^1- i , DBNB S (*GA) tt* 
XH^SSt^^f? v^^7/U <h It, DBNBS- 
H- WB) fcfctK -t^>2»iFd5 j RJ6UT— a* W 
C) ^f^ 0 ^WttiTT^TKLTDBNBST 

v**/it&m wd) *s±«i-s Q mi-2^otk^^2 



WE) 



[0 0 3 1 ] DP PHIiBW 517 nmtd#*5RJ|X 

Srtt5SS47y-9^^&5, DPPHIiTki 

ffli:DP PHW 5 1 7 n mT^S[tt^is(0^i$:^ 
[0 0 3 2] — # s su^(D$n < D B N B S KA) 



S7^;utRJSlt, SCB<oiStt*»#lin4i|Hlflc (D 

30 BNBS-H-) KXXf^iD-mfc KO ^ritDB 

l:«t^i:5DBNB 5 7^^(7)4 5 0 n m5£4g<D 
»»KiR«r^a»«f^ttffli-5o e&mffaT"C7K5RXf 

*39T2fe£K Lit^ot, 4 5 0 nmi£«©»*at* 

Ai3J:^iiB^V^4 5 0 nmift«^!K*:ffifc7K 
*7^/uo*ffoBfl«€r^i-tfeaj»CS:3ft«>2>w tds 

40 [0 0 3 3] -tw-^«»+^7K*7^^»aSr**5 
tcti, KW»ffit-9f3£»K^DBNB S SrJKflPU DB 
NB S i:7k^^ ^/U^S^^itDBNB S7/fk^ 
^^^it/c^, ^r<£>4 5 0 nma£ffiOS2bfc&2rS!l3£ 

[ 0 0 3 4] 7k*7^;fr>^iHflJ£fci*3^-t\ m^iSTCTK 

Wx.tf«»315c7kl 25mli:DBNB S{£#f&£2 0 
O/i lEStfJDU n-^yac^sKU-* — T 

6 0 commit (£T$£*8f£@-r5 0 Iti^rlmlwMM 

50 * CM i 1 1 i OtK) -e*tt«;@»Sr*»L-ciH]ilxi-s 0 * 
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(7) 

11 

L#J;ttfl 2, 0 0 0 r pmT»fr#«LT_fc»«r» 
[0 0 3 5] : DBNBSSrlV^SM- 

i - 1 &m 

Lfc 0 D B N B S li^^TK (M i 1 1 i QtK) 1 2 . 
5mg/mlOM'CSjSl4tl:^U 2 ilffiJ^ft 70 

[0 0 3 6 ] 1-2 e&jm-7K*t-J:S7k*7^*^ 
TKW^JlS^iSJiTJB^^TK^^^So tit 

0. 0 1mg/ml(Oe4SS:§tf2. 5mg/mlO 
DBNB S*g?&2 Oralis 5ml /m i n©efc*&3^ 

5$K 10^ 1 55), 
3 0», 4 5 5>, 6 0M(C^fil2 0 0 M 1 f O0 
HXL12, OOOrpnu 5&IH&<fr£»lKtt* ±»*r 6 

[0 0 3 7 ] 1-3 TK^^^/U'CD^tti 
RJ5«£>= > h n-;KDDBNB StK^^^^t-^ y^U 
-i'a^'U DBNBSg#(7)PMI^0i:L, #DB 
NB SfW<£>3 5 0 — 6 0 0 nm^^>t^Li 

**AQfll:J:oTDBNB S *«lBrfc4»KJcjeft Lfer 
[0 0 3 8] e&a-7K*RlCtc:i:oT»e>tufeDBN 

B ST^b^ttO^W^KlR^^^ h/ufiigi (Pt- 
H 2 ) Il^i-$P< > 4 2 5 nm^f)4 5 0 nnii:tW 

MItfo 5 DBNB ST ^it^m^it Lfc:t^ 

"To ^LT^f- ^<Oj^$ta[33 fc^$tt-5*n<, Bfc 40 

ti&A/^7k*^^ftl^ftffLr*K!JDL-CV^#, 4 5#M 

[0039] &tz&&&-7km&fc$Fmt±zm^z>t:*b 

(AHI) t Lfco 

[0 04 0] itfJ2 : DBNBS^V>fcl;gI5c JO 
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2-1 MX 

[0 0 4 1 ] 2-2 m«?S7C7k 

0. 0 1 %N a C 1 7k$T0* h li ix^tSC0®^?iS7C7K^ 
lTI-8 0 0 0tl/^U4 (5 A) -e^flfitjcU 

[0 0 4 2] 2-3 7K^^ S^&A'Otfcffi 
mS?il7t:7Kl 2 5ml ICDBNB S 2 0 0 //1 

KAIU ISttU^:tt« p-^yx/<#i/-^-t6 0t 
OfifflLflri-r»««@U^:o 1 m 1 (Mi 1 1 i Q 

tK) ^«ffitt®»&»«U EHRLfeo #:l-6 0t:tm 
WfcTlBMBfiM&U 2K±f-5#|l0»BU 12, 00 
Orpm-ca^HIU ±»t#^o =yhP-^il 
-C±EjBtt7k-cra«(c:fT*-p^DBNB SKM^r^rt W 
T'^a^U DBNBSM^3 5 0-6 0 0 nm 

>-LM*-<* h^*r»fco" 
[0 0 4 3] JHft«i T##>/cPjiite*-<^ h^iH*© 

h^mnra76*^*5v^TB«>fen da 4 :m*? 

[0 0 4 4]»i3 : «»JS5c*^«St7K*7^ 

^5fcftl:NaCl»fii5S0. 0 0 0 1%^^0. 0 1 

^?il5t:7kSST I - 8 0 0 0 -?U"</U4 (5 A) "C^M? 
[0 0 4 5] «#Pig7C*W%fls:Srd5 2 5. 5 0. 7 5, 

o^ss (n a c i mm) *&z.x'&btitzmM&7c* 

«3SSS:»<t5Ctl:J:oT**7^ 1 ()#<M 
[0 0 4 6] : ^l7^;^DBNB S «h 

4-1 t*m 

DBNBSIi7#fy^ (80 eAjm»*M^-f^ 
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[0 0 4 7 ] 4-2 DBNBSC7}SJ£ 
0. 0 1 m g/rn 1 ^fi^jm^^tf 2 . 5mg/mlW 
DBNB S*iS2 0mll:45ml /m i nO#:*&* 
iS£T**#*£ lB*Wefc*&^ aof»*QSL#V>t>a> 

[0 0 4 8 ] 4-3 5>*f«*M-OP5K 

(1) RI»^B7h^7A (HPLC) ##flW 

^(D 2 0 0 0 p 1 $rfl!v^ 0 
[0 0 4 9 ] (2) NMR, TOF-MASSMl: 

[0 0 5 0 ] (3) tR*5c*»tff«w*5Jt5»«f«3R 

^D^sosis+KfffiHP Let v&mL>fc*><om 20 

OF. -MAS S#W£l^«<Dfc<0£fflV\*: o 
[0 0 5 1 ] 4-4 

( 1 ) HP L CteWatersf±<Z>Waters600E, j&SrtBfiMi 
I li-QWater, SfcigfiS m 1 /m i n, Waters 
717o^- M^^^7— t?8R«iU^2 0 0 0 M K # ^ 
^taWatersfrSJNova-Pak C18 19X300mm£r/Bv> 
fc. *fc«tttJ»^HWaterstt<OWaters9967^- h^V;*- 

- KT W8Mti»3r/S^2 0 0-6 0 0 nraW|fg| 

/U^ n-r h P^MZj: Sfiffli, n >s<>y# V 7 0 0^° 

— y-h/u^ vfc'r,— * Srfflv^ u^Ti* 3 2 (Waters 

[0 0 5 2 ] (2) TO F-MAS S##rfBi, Voya 
ger (xn'— tzfTj?. *TM±) ^^ffi L 

fd 0 Voyagertl, SifcU'-if (3 3 7 nm) L 
fc, *flj^mJE2 0 k VOU— 1f>f ^^fc^fT^HSK* 
^ffgftfcS, ^JPiSmJEfis 2 0kV^ftfflU Mft 

2- (4-tKnarv'-7x-;U7y) 40 
(HABA) (7;UKyyf^^/^ig) 1. 3 m g 
£s 5 0 : 5 0*«7th=M/;Hmn:S)SL«i 

[0 0 5 3 ] (3) NMRte, 4 0 0MH z NMR 
(J EOL J NM-GSX4 0 ONMR^T^^^ 

feo i^^^LT, ^f-;^/U7t^rt^K (DM S 
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v-K (DzO) (TyuKy y*-4r$ # ;M±S8) Srttffi u 

[0 0 5 4] 4-5 temfefk 

(a) »^o7h^A (hplc) aliens* 

( i ) ##ff*$f ( 1 ) 

0. 0 lmg/ml^)^^tf2. 5mg/ml<7)D 
BNB S*&?&2 0mll:45ml /m i n^^^i^^it 
ffi-?7kSf#;*£: lB*IHefc-#3&^ 0. 45//m£D7^;U 
^"CMi^ Is ^ CD 2 0 0 0 /i 1 £"7*- h^t- KT U 

-fttttiewsHPLcffiv^ mmmmcDKw&mm 

^DBNB SRJt»O0M*«flWtt9. 0 <b 
[0 0 5 5 ] (ii) »«fK«4 (2) 

0. 0 1mg/ml(Z)fi4^tf2. 5mg/m!OD 
BNB S$gf&2 0mll:45ml /m i n^il^iSST* 

7 W -e^i§ U ^(^2 0 0 0 // l?r7th^ 

IODBNBSRJS*OftWeiKI8. 5^ic^isbbtu6 
t'-^H4 5 0 nml-e£i&t:' — t tfmfr t>tltz 0 Ztltt 
xCET^^^SDBNB S7/jb^l:fS^t5o 

[0 0 5 6] (B) hi, (MALDI-T 

OF -MS) COm^^z 

( i ) jMJrWB ( 1 ) 

±I2HP LC^!£tC:|3^T#k;ft,*:, 2 8 0 n m^KltX 

(MALDI-TOF-MS) £18 V >T$J3fe Lfc 0 
[ 0 0 5 7 ] r-fe^/HbLfc 2 8 0 nm(CPM^O# 
W^!ODBNBSKi(D-7^7^^ h/WiE|9l;i 
^i-*0< m/z 6 7 5. 4 4 9 |d>T j&S?j*£ 
*U r.tttt + Mfr KC) J:!9Br^loMU 

[0 0 5 8] (ii) £«rtt» (2) 
_h!EHP LCmfe\zm*mt>tlti4 5 0 nmt-®itX^ 
f t5»MDBNB SS»$r-7^^/<^ h/u (M 
ALD I — TOF— MS) £rffl V ^T^SO^ Lfc Q 

[0 0 5 9 ] 4 5 0 n ml-Sii|X^#-r^^D^^SC0D B 
NB SSJ£^<£>-^**-^ h^^O 1 0 tw^i-£D< 
z 6 5 6. 3 2 9 (C-f'Tf-Vt 0 — ^^^^^ /> Na^2o 

8iLfcDBNBS7^» «E) ^— ^Lfc 0 

[0 0 6 0] (C) NMRW^jfS* 

( i ) 5Wt&m ( 1 ) 
±I2HP LCmj£\Zte\,*X'&t>tl1z. 2 8 0 nmJcKl|R 
m^MMlDBNBSM^, 1 H — NMR 
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3-'Hk\^1Z 2 8 0 nmlcKHX^rWt-5#»Df^^SDBN 

t Lxr±^Mt\^m^^m^m^mm\zH plc» 

Ix ^r^^>7F2. 0 p p mlc^^-/u-gco#^E^^ 

[0 0 6 1 ] (ii) (2) 
JzSEHP LCWj£lZ&\,^Xl§btlti. 4 5 0 nmlC^iiX 
Sr^i-^^DfR^SDBNB SEfttttr* ] H — NMR $r 
J8^T$!lJtL;fci§3t:£l2ll 2lc^1~ 0 

[0062] 450n mlCPj^lIX^^i-^^D^^S^D B 
NBSK^yD hy x y^/Ui/7h(i6. 6 — 
6. 7ppm-C£>tK 6. 7 5 7 5 ppm, 6. 634 

p p mt-fe&K l*<^o<o^ffi*^^-^/^^r5}•S^L■Cv^ 
^ffltc^yy v^^Dfcc t£7j*LTv^ 0 

[0 0 6 3] (D) tk:K5cX#«rl£* 
( i ) #*f ( 1 ) 
_bt2H P L CS03£^^oV^T#b^T/fe N 2 8 0 nml-©l|X 
■ 1 6 D B N B S SJ^^ , »*5c*#*f 

Lfc 0 19. 9 3 % (ffgiffi 19. 35%). 

* 1 . 6 1 % (tl-Xtt 1 . 6 1%), §K*£* 
3. 7 6% (W- Jf « 3 . 7 6%) kft-Dfro 

[0 0 6 4] (ii) #SffW (2) 
_bfBH P L C$'j5£{C:teV^"C?# b^bfc N 4 5 0 nmtC^llX 
§rtt5W^lDBNBSSJ5^S:> »*7c5ff4>tlf U 
fc 0 Kf^f 2 1 . 5 3 % (frffffil 2 1. 4 3 %) , 7k 
ittl. 7 3% (B-JMtl. 7 9%) , I^f3. 
8 4% (fr3HB4. 17%) tfco*: 0 ItlttDBNB 
Sr^W?, Br, Na *Slo^5ofillBU4 7KfD 

5-1 1, l-^7x-;u-2-t^il;t/t K7^ 

(dpph) t&m#x*k&frf*Fmk<Dm£ m&jjia 

0. 1 MOftBff**!* (p H 5 . 5) 1. 9 6mllcx 
* / — /ls}S £1*0. 5 mM(D DPPH*x^ / — /U^fS 
lmlil. Omg/ml^^l'MliO. 0 
5 m 1 &1mz.T±M;%: 5ml tU 45ml /m i n CO 

K»£rSSxU DPPH^#SPM-Cfo5 5 1 7nm(7) 

t^77 (&g:j&A) i LTEl 1 3£#fc e 
[0 0 6 5] 5-2 ttftHBOf^A 
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0 - 1 0 0 m M^^f ^ t D P P H5r5l^ $ D 
P PH<7>5 1 7 nmifi^KM^St^f^ 

ria i 4 £*§fc 0 

[0 0 6 6] 5-3 3, 5-^D i t-4-=hDy 

^yf y^;u7ty^ot h D ^Atr/fb^ (db 
(*l»coffft) 

0. 0 1 m g/m 1 COfi^^r^tP 2 . 5mg/m]^)D 
70 BNBSWIU 5 m 1 /m i n <7>iifiT*7kiif # * £Pfc 
DBNB S t^^^^&SJCS^^^t,^ - 

Jt^^rtl^ 2 0 0 v 1 OKfi-SrS&BtU DBNB S 
£ 7k 31 y /u©SJ£*flcft tfc?)DBNBS7 v^b-fr 
*^«F»Sftte-CfeS 4 5 0 nmeoKftft 4:8036 US 1 5 

[ 0 0 6 7] 5-4 n& + <Ofr&5iS#/\'mBt<Dmi£ 

(i) KftMK 

m^il7U7k^pH7. *©BHt*#tt:«fc!> 
20 7kfilBli^lBT^tt^:^ffi^^©S^-5:n^tulcN a 

tzhCDXtoZo ^-thb(Omt^7tmi\L (ORP) *3«fcT>* 
P H^|^l(C^i- 0 (Mi 11 iQ 

7k) ^fflWdo 

[0068] 125ml (DM i 1 1 i Q7k. U'OU 1 — 
4 Wfi^PJBTCTk^-ttu-^iX^DBNB S ^ 

(12. , 5mg/ml) & 2 0 0 m 1 SDx.T> 125 
f*K»ffi**§Lfc 0 Mill i QTklm 1 -e«*8« 

L?c 0 |5]iR»co*rR«r6 0*C»B?* -CflDSftU 
^OftacfCftaiUSlCSrffJfcU^ic lE]«c*iSl 2 0 0 
0 r pra-C5M »^»KiLT-h«Sr«» Lfc, 
[0 0 6 9] (2) !»3fc&<Z>SlJ£ 
-blSK»^«»*4 5 0 nm«S^lfi^Lt 90^ 

{ii^D^icov^-t. zti?ti=m<o&w&m\<*xwi£ 

[0 0 7 0] (3) 7k*7^*/W«ftO»J^ 
40 =y hn-;l/i; LtfflV^:Mi 1 1 iQ7k<7)4 5 0 nm 
X(Dl£i%»&ytm 0 . 0 3 5 8 U^/i^«**<0jft#fi 

^m«il7U7kfi7k^7 i?* suMd* w</u i-4to. 

0 3 mM~~ 0 . 12 mM (mm o 1/1) W^itfo 
[0 0 7 1 ] 
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Mi II. 0 






L^U3 


l^<;l/4 


pH 




8. 52 


9. 27 


9. 84 


10 


ORPOnV) 




56 


38 


4 


1 


&9b& (¥*&) 
(450rm> 


0. 0358 


0, 0927 


0, 1037 


0. 0975 


0. 762 






0.0569 


0. 0679 


0. 0617 


0. 0404 


: 125 




0. 09 


0.12 


O.10 


0.03 



[0 0 7 2] 

mmm mmmi 

5 0 *il7kSr5S!aaBtt?^3gUT#e>^*e*:^N a O 
H£0. 0 l»i%©IH-e«!IIU HfeftfcNaOH 
7k*g?££r, 1E5V-100V, li5raA-2A, ® 
ft*IH 5 #~ 1 2 0 #o£#T, «SfEfl&& 3 . 2 m A/ 
cm 2 tttftftl) > 6. 4 mA/ cm 2 2 ) , 

12. 9 mA/ cm 2 (1)SS3) ,16. 2mA/c 
m 2 (i«g4) , 2 5. 8mA/cm 2 (fftftsj "C 

Tto »bixfc«*5l7C7KtwOV>-C^ JUL pH, Kteig 

•flcsriweLfc. mtmyzmmts Mi^niri 



*ff^c*ftttK¥df|;RK»fiF**«-DHD l - i 

[0 0 7 3 ] #fe*bfc«!W5c*^-3V^XOilB*JS* 

tit* ^-f ^n = ^tra— «at«*^* 
r < So 

[0 0 7 4 ] 
1*2] 



[0 0 7 5] 





<"C) 


PH 


TO 

(mV) 


Cppm) 


*** 

(ppb) 


H y/ 1* 




13. 1 


7.5 


+652 


10.0 


2.3-2.6 


0 






12.7 


9.6 


-94 


9.4 


400 -450 


0.12 




13.2 


10.3 


-247 


6.6 


690-720 


0. 22 




13.2 


10.4 


-484 


6.2 


880-900 


0.30 


SK&4 


13.7 


10.7 


-729 


7.2 


1030- 1060 


0.40 




14.0 


11.5 


-850 


6.6 


1090-1130 


0.48 


40 [^3] 




(°c) 


PH 


OnV) 


SIM 

(ppm) 


(ppb) 


H V/ U 

mat 




12.5 


6.8 


+681 


10.2 


2.4-2.6 


0 




VMM 


12.6 


9. 6 


-70 


9.5 


360-410 


0.1 




12. 8 


9. 9 


-211 


8.7 


6HJ-700 


0. 13 




13. 1 


10.2 


-452 


8.4 


840-890 


0. 20 


«»J£4 


13.4 


10.4 


-676 


7.4 


980-1040 


0.32 



[0 0 7 6] 



50 [^4] 
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0. 0 raA/cm 2 




3. 2 raA/cm 2 




6.4 mA/cB 2 




12.9 mA/wn 2 




16.2 raVcm 2 


fc#£5 


25. 8 mA/can 2 



[0 0 7 7 ] Hig#)J 2 

[0 0 7 8 ] H16I4, i!5$G#tet: hWHMBMBtkH 10 
T 1 0 8 0(O, in vitnreo, In^f;^{:^lt5i 
W*5c*©#WHa**fe^UfctO'CfcSp HT108 0 
tt, *Bfla«fT JCRB Cell Bank 

^tHATCC (*H) ) iOAf LfctroSrffi^fc, 

[0079] HT1080 Wfefi, 1 0 %4^fl&i^Jfa.»* 
^PMEMi§lfe^T-3 7t, 5%COV9 5%a i 

8 Mm) ^hyy;u«:2 5|ig/7^;^i45J: 
LfCo f-y^ ^^/Uoi^ hCOHTl 0 8 0 $3 
Jfe£, 0. l%^jk»T/u^^ V (BSA) Sr^trME 20 
Migifc (ft^&^%i*Ulinimum Essential Medium ($£ 
^«r*/MBJw««>fe«F«) ) KUB»U »M4x 
1 0 5 /m 1 (-pgtfco Wfetufet^O 2 0 0 /z 1 £ 
ft^l»:»lDLfc t MAffiftitt* iE^i-T^ (2 
4;A::/U— MB) Id, lOAg/mlO?^^^^ 
>M£$t*M EMJ&J&7 0 0 ji SrA)*.* C 0 2 -< >^^-< 

/^^±Bo*fla«rl*#-eBfcv^a, wst-1 (fejHBja 

Aofc2 H-^U 4 5 0 50 

nmK;fctt5R*ateffli£L;fco ctrltt, « 

*«r#»^V^TfT4ofclS*-Cfc5, NaOHmix 

rtT^ofcjS^r-CfcSo NaOXmix^H ct 
r 1 (DmS^tt^X, ML< HT 1 0 8 0 &fflJ&<D?g?B$£ 

[0 0 8 0 ] m 1 7li. liira*»JfiRe*ttf*R£^i12I 
HT10 8 0», ^7K^fc^m^?i§5n7K 

(IWsotw) fcffl^TWKLfcl 0%^JWfcjfo» 40 

^DMEMt§i&T\ ll^M, WST-l?r» 
U ±»Bftt:4 5 0 nmOB*K-ej|IStfc t 
^V>fe^COc t r 1 0>m& hmfW&Tcyk (NaOHm 
i x) fcffiv^fcJfrfrfcolBJlcM:. BSCofc*iftj&V3 
fc 0 1"ft;b*>, m^ilTCTKfl. MKftjMIJfeOitXCcM- L 
■C, ^S£:-§-;iftV^V>5 * b&JimZinlZ. El 1 6 "t 
Ell 7<&il6*J:D, N a OHm^5t;7kte, *ffljf&#te£ 

[oo8i] tt«aiboK»^SKftSMfir«^i-7 h y 50 
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***u-7*7-T-1£ (MMP) \Z.M&&&frl£ 
5MMP 2*5£t>*MMP 9 ICOV >T$?#r Lfc e HT10 

fc. ±«*l 2 zx 3 

lmg/m 1^7 ^* ^^r^tr 1 

0 %tK y r * y /ur s k^/h^wso Lfc 0 y^««t*S6 
£rtTft^fct&, y^^k 2% h y h^x-i ootiw 
Sfc*M£, 3 7tt*6 OSfftflf&i&Lfco ^-co^s ft^* 
0. l%Ponceau STSkfeLfc, 

vS = ^^^-^Stto»«flS»S:^'t-|2|-efeS. Ell 
N a OHm^il5t;7kH. MM P2^J; {/MM P9© 
OH«#iS5czM*MMP 2^ilMflix5^i:i:J:5 

[0082] ffjnnoc»n«firia«i-% ^ £ n> e» 

fc, «C»«r»Mt%X?nf^ *MIB»**r»ttU ft 

felJ^ffl^ffi^^ftv^o-eftfttttfft *>ftv\, 

^*3V>ts NaOHij||7kMISi:^I^^:i:^ 

[0 0 8 3] Hififflj 3 

^S^P-<fc 0 *j]§@ (Esherichia col i JM109) M 

1 1 1 i — 0 («7k) Srtt^LtWSiUfcLB Broth Base (LIF 
E TECHNOLOGIES) ICT, 3 7t, 3-4^HSH@t 
U fiOK** GK)0. 5 7 6) ^TigUL*: 
(»15xi 0 7 i/m 1 ) o #^*X^»#»Sr, US? 

it5£7k (_hBB^2(Dm^S5^t)0) joJ:t/Milli-Q 

t^^^nSISILfc^l*** (0. 8 5%N 
aCl) CioTl/1 0 0 0 0 0 ICI^-^ Lfr Q r CO^r 
^f^^> ^UXfoWl,, &\,^X\ Milli-Q (jjsfiTK) "CgW 
SI LfcLB Broth Basely 1 . 5 %m^&1)Qjtti¥-mtgm 

i^o. lmiiTu =2^?-isw (STkmmm) 

^P^^^tV-^tbO, 3 0, 6 0, 1 2 0^3^1/18 0^ 
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$iio:H s ^ofc 0 *-OE&SJ»*tt, m^ilTCTKl- [0 0 8 4 ] 





0# 


30# 


60# 


1 2 O** 


1 8 Ott 


ft* 


15 5 


1 A 0 


1 5 5 


1 & 2 


1 4 O 




9 6 


3 6 


3 7 


1 3 


6 



[0085] %nm 4 

J:oT«i^JT^^>^^9*^f^LfCo Neuroblastoma N1 
E1 1 5M& £ 2 % D i methy I Su I phox i de £ flSAD L7c if ift X 

7 0WS8U $5)lciJkSiSK!iTl0Sj|L, 

n^WMbS-frfco iS»{b7k*Sr**«co, l 

0 0, 2 0 0, 3 0 0 MMttlftlttL, 2 4B*IWJ» 

L*:0. 0 1 %N a C 1 TM^ft^xSSifflU *&3lLfc 
WST- 8 7yt>f 5 0 nmllfeltS 

0, lOO^J;t/3 0 0 /iMas*no#'g-lcfi|6*ssB«)e> 
frfc^ofctf, 2 0 0 MMfflwi^, S^jStctK^J; 

[0 0 8 6] 

[0 0 8 7] *»WlcJ:5««Hl5c*tt, faZfem^ti 
^Ste*** Cfefcxtf, ^tR^LTMp 

(fcfc;ttf*l*»l) £&-^1-5f~*6^&#fc Itf 

m^ii5c7k t conmtmtitznmnftm *Mft-rz> z. fc 

[0 0 8 8] *»WI--fc5«»ia5c7Ktt. iso 



jo ho (a) mm*\g&nM&7tfa\^£ hir Q (b) 

©it*fria*i-Swi:3fl5iK«*Ha, fcfc;Ltf, £n n n, 

fb«p°o, R*A4^iim*j*#fc u-cm«a5c 
*£{£ffli-5 0 (c) ««©ii«[fcia*i-6r fc^K 

*Sp p p, fci*.tf, IPX. Alt* *u SS^o^jS* 
5. (d) IBttlcJ:3»lMHBCfc«>* 
(e) E«^K*»#I-, *ffl®oif M #ffl 

fc ic J: 5 ®«?al5r7k fc ©«*f«H * it ttttttftsJB 

[0 0 8 9] $ 6>^*»W^J:S«<Wa7c*tt, ttlliaS: 
8Mb* h i^7^{£ft1-5fcfcGQ7kfc ITftltSit 
5, fcfc*.tf* BMb* h ux&grttz 

MB * tt*flc^«<WiK5c* Sriftft-f- S - i: J: «9 , 

[EI 2 ] **Wlc««Siv5*«HI5c7K«3B«««>— 
[@3] 4 5 0 nm^*5»t57K*^B*:#5i^«FWi: 
[@4 ] DB NB sr^b-frWOia»E4#i4S:*i"^7 

[ El 5 ] m^ilTt^K fc 7k 3^ 7 ^ /w-RiCffl <n B8« ^ ^ 

[IS 6] ^{b^ h y ^^»«fc^c5if^^*^SJ5fflo 

[IS) 7 ] DBNB SM^IS^COHP LC^ftJ^ 

[SI 8] DBNBSUDMIM^HP L Citg 
50 I$r^tf -t-htfc^ 
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[(2) 1 0 } DB NB SfiDf&&mRfcV9(D^X*'<2 b 

[Ell 1] DBNBS»MM(?3NMR^-: 

[Ell 2] DBNBS»»»NMR^^ 

[Ell 3] MlA^t^77tfc^ 0 
[Ell 4 ] ^S«|B^^:-r^7^-efo5 0 
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[Ell 5] MSC^t^77tfc5o 

[ej 1 6 ] n a oHmMmK*fr&mffom&tti%m%: 
[Ei 1 7 ] n a oHmMmK*<Dmmm'&i±u%i<Dte 

[018] . f4*??7 4 (CfcSif y?~r- *£/ I V 

i 2 mmm. 3 &§^ N 4 is®^ s pi 

70 Mo 



[Ell] 



[El 2] 




2: tttt* 

4: 
g: 



T 



1 

! 

1 
i 
1 

! 
1 



— r- 
1 

I 
1 
■ 

J 
t 

I 
i 
t 
■ 
■ 
■ 
■ 
1 
1 



1 
1 

s 

« 

1 

t 

I 
I 



1 
■ 

.J 





* — 

















im 3] 





[E34] 



0 10 20 3D 40 SO 60 70 



0.20 



* o.iof- 



0.00 



PT-H2 




400 



6O0 
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[SI 5] 



me) 



0.16 

ai2 
ai 

SiSfB O0B 
(AH value) 

006 
0.04 
0.02 
0 




0.10 
0.09 
OjOB 

(ah value) aoe 



QJ04 



0 10 20 30 40 60 60 70 BO GO 100 

OK) 




aoooi 



0.001 

NeW cone. (%) 



001 



[El 7] 
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